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EIMATA

PLEASE N•I'K1 T111', :OLLOWING CORIRCTION:

Located in AF'A,-TR- 81-3127 TANKER AVIONICS/AIRTIcE' CONMPLENIXr EVALUATION
(TMI\CE) PIhSE I - SIMULATION EVALUATION
Volume I : Results

On Page 7, line 8; please change the word "not" to "now". (1st paIragraphl)

¢4..A
Richard 1\. Moss
AnVAL/FIGR/566S07
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FORI .WOlU)

This report documents the .econd phase of a two-phase effort called the

Tanker Avionics/Aircrew Comple-ment Evaluation (TAACE) Program. Tlhe rc,;ults obtained

from a full mission simulation of anu updated avionics configuration for the KC-135

tanker arc reported herein. These results concern the developm,,ent of the crew

station avionics criteria to be met for a 3-man crew complement (pilot, cop i lot, I
boom operator) completing all KC-135 mission requirements without compromise to

either mission performance or aircraft operational safety.

The program was conducted in support of the Aeronautical Systems Division,

KC-13S Avionics Modernization Progra• (ASl)/AFN) managed by TMr. Tom Biggs, by the

Air Force Wright Aeronautical Laboratory's Fllight Dynmiics Laboratory, Wright-

Patterson NFB, Ohio. The Progriam Manager was Mr. Richard Moss, (ANIVAL/F1I.).

Lts Donald Scyler and Dan Basehore, both of the Crew Systems D)evelopment Branch

(AIVAL/FIGR), were also involved with the Program.

The report was prepared in part by the Bunker Ramo Corporation, Electronic

Sy.;tems Division, aid Hmuman Factors Group located at Dayton, Ohio, utrder USAF

Contract No. F33615-78C-3b114, Project No. 233915200. Mr. Robert A. Bondurmat, I11

(AFWAL/FIGR) is the contract monitor.

The authors wish to acknowledge the assistance of Mr. George Sexton, the

Lockheed Corporation, Marietta, Georgia, (formerly with BLuinker Ramo Corp), for

his critical contributions in virtually every aspect of this programi. Recognition

is also given to the following members of the Control Synthesis Branch (FIGD)"

Ms. K. Adams for simulation software/hardware design, integration and progiram

management; Lt J. Tizard for critical software/hardware design and interface; Mr. T.

Christensen and Lt D. Hawthorne for essential software/hardware design interface;

and Mr. D. Lair for his consultation and expertise in software/hardware design and
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interface problem solving. Further recognition is extended to the on-site

Lear Siegle- (LSI) group, headed by Mr. R. Hitchcock with Mr. A. LeDonne managing

the enginecring simulation hardware fabrication/intcgrtion. Radar landmass

enginecring buildup and integration was headed by Mr. J. Vesco also of LS1

Recognition is also given to the Electronic Associates Inc. (EAI) on-site support

group headed by Mr. D. Cafferty, for their computer systems support. Mr. John

Kozina (Bunker Ramo) and Mr. Fritz Baker (Lear Siegler) are recognized for

engineering assistance in experimental equipment integration; and Cindy Gier and

Sandy Dickey (Bunker Ramo) for untiring adiinistrativc support.

This research effort was performed between June 1979 and June 1980.
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SUNNIIARY

The USAF is cons ider i ng an ajvionics m~odernliza t ioi program.! 1for the KC-I 35

fIleet and is also considier ing thle feasibility of operat ing thle C-15wi Ilcout

a nay i gato r (SAC, ROC S-74 w/amencldmnclts). In responlse to a re(Iltiest Crom tie

Aeronaut icalI Sys temis Di vi sion , thle Flight Dllvam li c s Labora tory'. has recentl 1'cornl-

e)Ited a1 foll MiS~i; Ofl SiNIIiutionl inl WhiCh opera't innaII\ (Iv qua i t'ied SA\(: tanlker crews

Valida~ted a NC-IK35cockpit Coniguaio esge to peni'iiit operatin title taink~r,4

thle succe~ss of tlhis effr [ io tile faIct tha~t j)~0 or fl MiSi~ onILI~i. he

can1d idat': cr-W svs teiii concepts W11 k c eveloped and evalulated by niicin SAC a irc rews

dur~ing pre 1 i Iinl- mary ockup studies inl whi ich the Crew usa i /ceta iivof* the

three or igCinalI desi gns was assessed. Wh ile all threce des ignis remla i ned res poi is ive

to the in i ss ion anid mnnlllingý requ ricieet s , thle\. di ff(.red cons idera ib v inl Conltrol and

d isplay sophist icat ion and , theref~ore , to tal s vs toem cost. TIhi s devel opmicl t of

al ternativye des igris permiit ted ear1.1y expl1ora tion of' trade-ut f~s betweenl coc kp it/c mew'

svs tern capabl)iiity , Iif 55i Oi capab il1ity , anld Cost in formlat ion necces sa ry for. resolv ili

the feas ib ii t issueC. '11e asesmn rocess , carried 01.t inl a1 full-scZ.le he

dimlensional miockup of thle tanher flight deck, deterini ined that there were des irab Ic

and tidesini rbie characteristics of' al11 three designs. These mockuip resuli ts w~ere

used to develop a fourth ''comipos ito' Conl fi gillirat ion), attemplting to spec~i fy 011 Oliflhluil

systeml: thle mnost capab iiity for the bes.,t price. The0 comiposite configuration was

evaluated inl a full mniss ion simiulation lasting three mlonths. Fach Crew part ic ipated

for a total. of 60 hours spenlt inl ground school training learning Lhe new systemis

and procedures, practicing flying thle simiulator, and data collect ion. Datai Collect ion

sessions reqluired that the crews fly thle. airplane, rendezvous with variouIs typeCs

of receivers and offload fuel during representative mlission profiles, performn mission

xii~



coniiunications (A'C, receivers, etc.) and accomplish cockpit procedures and check-

I ists. The Simulation work valtidated the acceptablitity of the composite design.

A consensus was reachcd among the part icipat ing crew members that it was feasible

for thc reduced crcw complemient to complete all tasks and perform the SAC KC-13S5

tanker mission if the capabilities represented in the composite design were pro-

vided.

xiri
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SECTYIONI

I N'lR()IUC'[I ON

This report docio"Cnt's thle Second and fi~nal phasec of' thle Tanker Avi~onics

anld A irc rew Compleomen t EVZOa Iont ion (TAAXl Prog raml ' t illC ro111O rmckLop anI

S in11.11iu l at on ffot pronedto helIp de term inve tile tleas jbi)iity of iopelatirig thle

SAC C-1S tnkerwit a rewof, ilie - pilt, o-plotand boom ope rator.

T'he 17i rt phase 01f thle progrim, i dent il'i d aIs Phase 0, MIS conlducted Fom~l

June 78 to Kayv 79. It cons isted of iiiiss ion nl 11s iskL1 andlt0;, 11

r0SuL1te~d inl thle id(let if iont ion of, crew sys tom conlcepts that appeare capabi of'1

providing thle reduced Lcrew comlplemenit w ith thle necessa"ry control an1d di s'pIa'.

capability to Success I'ul]. 1N, complete the. tanker miss ion. A speciF ic crewv stat ion

cIoncel t., def~ined inl toerms o l equipmenit capabili ti es , equipmenit I oca 1on , operat.i ng

procedures adcrew uies , resulted f-rom, Phanse 0, and is dJoctuented inl Al'iAL-R-

80- 3f30), VoIlumeCs 1, 11 , ad111dIl

TPhe seconld phase ofI' thle ThACI Program, i dent if i ed as " Phase I, Si mul[at.ion ,"'

inl the KG/C- 135 A~rion ics A)LIdrn izat ion Program, Program ~ikagement Plan , 2.11 April

1978, and doculmented, herein , va1ated lte results OF Phase 0. A l'ul i-miss ion

S imul ationi of- thle above meniti~oned crew stat ion Was con1ducted, result inlg inl conl-

fi emation or' thle mockup work - - thle KG- 135, with the fli~ght deck updaC~ted, reconul1i gore'd

and crciw dut jes appropriately rea].locatecl, cool d ;)Q manled by a pilot , co-pilot,I

andboo opratr, wl uccss folly anld safecly accomplish all requi red miss ion tasks.

'Fhe remain ing sect ionls of th is relport diuclulent thle programl. Section I11

discusses some of' thle major features of thle composite des~ign, Sect ion Ill dlescribes

the development o I' the simulation F'ac ility' a~n( data col lection proccedure.; , Sect ioni

IV summnarizes thle resul ts of' the s imu Iat ionl Fly ing and)( Section V draws conclusions,

from thle results;.
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SECTION I 1

OVIIRVIEW 01: NI3V CGNIP()SI'l'I lESIGN

The composit .e design is a signiificant departure from the existing KC-135

system. ••jor, ncw cockpit control and display subsystems iCre added; old equ ip-

mernt is removed; and important changes are made to crew member responsibilities.

This section discusses the highlights of' the compos ite design: features that werc

felt t; be of particular significance for providing the three person crew with

the capabilities needed to complete the mission. A complete description of the

system is found In AI'qAL-TR-80-3030, VolumIe 1: Results (Ref 1). The discussion

in this section is broken down into three parts: the f ight deck, the booln

operator's stations and crew duties.

A. Flight. Deck Changes (Figures 1, 2, 3, and 4)

Probably the most drnuiatic change to tihe cockpit is the replacement of the

ectro-mechaniical I lorizontal S ituation I ndicat or (IISI) with a cathode-ray tube

(CRT) multi-lpurpose display (MIl)) , (Fig. I , 1120) . This device was sutbsttitoted for

the old IISI because it has the flexibility to present dif ferent infonmat ion at

different ti hes, in solne cases information only available to tile navigator ill the

present KC-135. Presented on the MPD in addition to horizontal situation data, is

radar in format ion (beacon, gralnl map, weather) , flight plan rvit ins, with map

an:wotati-on, and rendezvous guidance. This data is selected for presentation thrLugh

the activati.on of switches located "adjacent to the display. The pilot and copilot's

systems have duplicate capabilities.

The ,PlD's are actually part of a larger control wil display subsystoll that

includes amother major cockpit device, the Navigation NMaageaient Control Display

Unit (CLIi). Two of these are located on the flight deck, both on the center console
1

one forward of the throttles, on the right-hand side (Fig. 1, 029); the other aft

~ *-4
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34 34

* 1 A11 121 1 15 16 17 18 19

83 1
4 24

2 327

(copilot's location unchanged) 19) Landing gear leverISMach/airspeed indicator 20 Flap position indicators

3) F-I09annnciaor ight 2! Vertical velocity indicator
4) Atitde iretorindiato * 2 Cock(also added for copilot)

+ 5 Matrcaution light 23) Outside air temperature gauge
6 Aliee+24 INS/AHRS select switch

+ 7 Makrbeacon lights 25) Cabin pressure indicatorj
+ 8 Aliueaetlgt#26 HSD/MPDJ

+ I0 Cauion/arnng pnel 28 SDnode selector switches
* II Cain pessre mergncyrelase 29 Navmgt control/display unit #1
+ 12 Thrst gt sste conrol+ 30 INSmode control panel

+1)Engine instrument digits, readouts + 31) Radar cursor and doppler controls
and selector + 32) AHRS

1)Engine fire switches #/ 33) Fuel control panel
11Engine instrumients + 34) AOA Indexer

#* 16 Hydraulic quantity indicator +- New hardware, new location

+ 1)Altitude alert control panel # New hardware, current tanker location4

* Current tanker hardware, new location

Figure 1. Front And Forward Center Instrument Panels
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I]

0I
8J

0i_

J 1"1 co 22



C110°
nI
nI

O0 OOOIIJWOO000

.10 00004

1) Throttle quadrant + 8) TACAN #1 control panel
* 2) Engine start switches + 9) TACAN #2 control panel
• 3) Autopilot controller + 10) Nav mgt control/display unit #2
* 4) IFF/SIF control panel * 11) Gear horn cutout swithc
+ 5) ADF control panel * 12) Wing flap control
• 6) Rudder trim * 13) Rudder power cutout switch
* 7) Aileron trim

+ New hardware, new location
* Current tanker hardware, new location

Figure 2. Aft Center Console
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1) Cabin pressure controllers 13) Flight director control panel
2) Light control panel (exterior) + 14) Radar control panel

* 3) Volts and cycles indicators * 15) VHF nay #1 & #2 control panel

* 4) External power cintrol 16) Autopilot control panel

5) Light control panel (interior) 17) UHF #1 conol control panel

* 6) APN-69 beacon control panel * 18) HF comm control panel

+ 7) Hydraulic control panel + 19) Warning bell, loudspeaker, and

+ 8) Instrument power control panel TACAN antenna control panel

+ 9) Anti-ice control panel 20) Electrical control panel

+ 10) VHF comm control panel 21) Battery charging ammeter

11) UHF #2 comm control panel * 22) Radar pressurization control panel

12) Rotation go-around control panel 23) Air-conditioning control panel
24) Speaker

+ New hardware, new location
* Current tanker hardware, new location

NOTE: Nacelle illumination switch added to 2).

Figure 3. Overhead Panel
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PILOT COPILOT

00 0g 0 00oo(ggg
0 0 0 0  0O

0_ 0

3 444 3

# 1) Nay monitor panel
# 2) AT¢-1 8

3) Oxygen hose, dimmer,

oxygen quantitY,
lamp receptacle

4) Uxygen regulator

# New hardware, current tanker location

Figure 4. Side Panels
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of the throttles, also on the right-hand side, (Fig. 2, 111)). Like the MP)' s,

these units have the same capabi.litCes and can he operated simultaneously. The irF

pri lIry function is mission planning. After insertion of the proper inforniation

by the crow (waypoint coordinates, temperature, forecast winds, field elevation,

planned fuel off-loads, flight planned altitides, alternates, aircraft weight, ctc.)

the computer, to which the CDUt's talk, computes iiTS's, fuel required/remaining at

waypoints, optimum EPR settings for crew selected profiles and much other data that

is not computed manually by either the pilots, navigator, or boom operator.

'llTe advanced navigation capabil ities provided by the MH)I)/CI)U comLputer subsystem

were thought to embody the heart of a system that would permit the removal of tihe

navigator crow position. Other major changes were made to either physically ac-

coniimodate the WPD's and CDU's or logically complete the crew system integration

started, by the NUTD's aid Cl)U's.

In the first category ( a change made to accoiwniodate the C1U's) is the new

fuel panel, (Fig. 1, U/33) . Although very similar in capahility to the present sys-

tem, the new device differs dramaitically in appearance. 'The fuel flow Iines

illuminate as a function of valve and pumip activation; a CG display is provided;

fuel quantity is presented digitally; and there are several caution and warning

lights installed associated with varying amounts of fuel remaining.

In the second category (continued integration) is the vertical-scale engine

instruments and fuel management system. Thle vertical-scale instruments (Fig. 1,

#15) take up loss instrument pamel space, aid incorporate hydraulic pressure and

quantity gauges as well. This configuration makes it possible for tie copilot to

monitor hydraulic system performance more completely than before mad co-locates

similar information (quantities, pressures, rates) in a centralized position. Also,

the vertical-scale instruments are used to indicate an EPR value to be flown in

7
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order to achieve a selected fuel conservation prof1ie generated by the computer

subsystem.

Without the navigator on-board, a requirement was felt to exist to improve

the Monitoring of subsystem perforimanco. Thus, another major modification is the

installation of an integrated caution and warning system like that found in many

Air Force aircraft (Fig 1, 810). It provides for centralized annunciation of

system failures (as well as selected subsystem operating corditions that are not

failures) that in the current tanker are eithor not annunciated at all, or are

anmunciated through lights or other devices scattered throughout the cockpit.

Coupled with the m1aster caution lights located on the glare shield in front of

each pilot, this system was thought to provide for the required sy'stems monitorhig.

Finally, there were a series of modifications made so as to place all critical

equipment within ann's reach of at least one pilot. In some cases, this required

a simple relocating of hardware; more extens ive modi ficat ionm involved the widening i

of the aisle-stand aft of the throttles to acconmmodate additional control heads

that must be accessable to both pilots.

B. Boom Operator's Stations (Figures 5 E 6)

Modifications, resulting in two different designs, were made in order to

improve the efficiency of fuel off-load from the point of view of both the boom !

operator and the flight dock. Included in both upgrades were two fuel totalizer

gauges: one for total fuel off-loaded per mission, (Fig. 6, U13) , the other for

total fuel off-loaded per receiver, (Fig. 6, 118). Although relatively modest, this

change was thought to have the potential of greatly reducing boom operator workload -

currently, the boom operator has the responsibility for keeping track, manually

with paper and pencil, of all fuel off-loaded while minimizing interphone chatter.

In addition, upgrade nunber two included an automiatic visual off-load system designed

8 j
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+~~ ~ 5)OxgnOotrlpae
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+ 6) Lightn controls pne* 4Cuen taomnker h wr e, nel

+ 5) Oxygen control panel
+ 6) Light controls
+ 7) INS contro"l'/display unit
+ 8) Nav monitor panel
+ 9) AIC-18

+ New hardware, new location
*Current tanker hardware, new location

Figure 5. Boom Operator's Forward Station
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30 0 0 0 0 172 423 2 12

209

I Unerqeicy override switch 2) AIR bodter swltc i * •.') Autovunoal n licct
)boom hist lever 1 13 1iuel tralnfer lul -t r (per mission) SWlcih

PI Il()t d Irec tor I I (jits Cor r. 15il 1idu 11d fo st .0 oitdl 24) tin mo z Ie Ii Ium
4) A/R system test/reset switch.! ib) Of1oted c l eI I L uru I) oo? tr eol e
5) Azimuthi Ind Ica tor 16) 'unel liIr"s otrl25) Under 1body IUM u OFntr'Ol
6) Contact signla I ts t I i2 ium

1) Telescoping indicator it Il Aft body PUmpIJ %oil hes 271) '.cvscopi at 1Icuinnett
f It ) Foil trans fer indicator )per, receiver) ý9 Fuel fl ow flvii,, or swi tch

9) Elevation indlcdtor t 20) For-ward body ptmir switches 28) lon)1 rurlking it IuIrn
iv Sgalcot4 21) Fuel quintitn lilies Controls

I)Sgotcoil test switch t22) OffoUad SOeleo IU 1 2) Boo, tolescoime lever
If) Gru,, t rut suiltjvs

VW dw hardware, new location IIOT[; iten ' 1111 1'.1 hlr up(Jrade con- 31) Pilot directur Sti
* !lwie hardware, current tainker locaion fgourdaluln N. nipy shilci,
* I L, cut taneri ha rdwar•e new Iocatoi 3' 'utut art I nl,4 Iv I tol"I1ht

Figure 6. Boom Operatoru% All Station
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so that the boom operator could spend more time in full contact with the re-

ceiivCrs , while simultaneously relieving the copilot of some fuel panel monitoring

tasks. Upgrade IILUber one did not have thi- :a.:ibility'

C. Crew Duties

The equipment changes were not sufficient by themselves to accomniodate

the renuval of the navigator crew position. There .ire tasks that the navigator

performs, such as al titu(de cal I -outs on final approach, that were not replaced

with new hardware. IThus, crew member responsibilities, including checklists and

formal operatilg procedures, werc also 1m1odifie,1. One of the most significant

of these is the designation of the boom operator as a Positive Control crew mcem-

ber. 'Ili composite design requires that the boom operator copy and acknow:ledge

launch and enroute messages, monitor the li: radio when not in the boom pod, and

in general ,,;.ay a much more integrated role in the ftunctioning of the vehicle.

Also changed is the copilot's role: he has greatly increased responsibilities for

aircraft navigati1on and oGSition awareness. Finally, since radar information is

now displayed on the NlPD's, both pilots must be proficient in interpreting radar

returns, as well as navigating by radar mapping.

Voltne I of AFIWAL-TR-80-3030, as mentioned earlier, details the specifics

oC the composite design.

111
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SECTIN I'll

IWVALUAT ION PRiiPAlRAT ION

It was the intent of the work docuennted herein to validate the crew system

concepts embodied in the composite design. TlJhe process started with the develop-

meont of the simulation capability involving several major activities, including

preparation of the simulator, and devclopmlent of oxperiT)montal proccdures.

A. Simulator Preparat ion

1. Pilot/Copilot Station

All crew station equipment, (panels, controls, dissplay, etc.) wore

either fabricated in-house or closely ap)proximated with otfE-the-shelf avionics

hardware representing the desired capability. The panels, consoles, and cockpit

equipment were installed in the Flighc D)ynamics Lab's KC-135/Bocing 707 type

simulator. A KC-135 acro model was developed to silmulatC aero-d uiunic control

of aircraft p)itch, roll, yaw, longitudinal velocity, lateral velocity and vertical

velocity. Fliwironmental conditions of day, night and engine sound were simulated

along with a visual presentation for airport departures/arrivals. Also, a pre-

sentation of tand mass features for radar ground mapping was simulated. So ftware

p)rograms were developed to support flight simulation and to support the integration

and operation of the vaoTious mission systems. The flight deck was equip)ped with

stand-rd KC-135 yoke and rudder controls, nosewheul steering and Boeing 707 type

throttle quadrant. M,!otion was not used for this simulation. The simulator cab

seating arrangernent cons.isted of two standard pilot seats and a modified boom

operator's seat Mounted on rai s so that the seat could be positioned between the

pilots' seats Lbehind the aisle stand) or positioned at the forward boom station

(the present navigator's station). A pilot observer was stationed behind the pilot's

seat and an experimenter was stationed behind the pilot observer. (Figure 7).

12
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FREONT TN STRlJENP PANEL

II

S~CE'NTER

PILOT COP! LOT

CONSOLE'
STAT ION STATION

I N•'I-]WII

t ~VORWARI)
MOVABLE

INSI) D1 r BOOM BOOM

OPIRATOEA
EXPERIME NTER SEAT OPERATOR

STATION STAI ON

Figure 7. TAACE KC-135 Simulator CockpiL Layout
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2. B~oom Operator'is Stat ion

The a ft boom operator statioan was located at a Sei)arate con1SO1 eOu~t-

side the 1ca. 'ItaS equ ipjped with several dyrnaimi c controls and d i s-pay's i

clod tog a boom telescop~e level-, a )7tddervatOr CO~it rol st*ick, a rece ive), display,

a fuel control/displily panlel and a co~iIuuun icat ion systeml, (Figure 8).

The simul0at ion was supported by a sepa rate Computer deck w ith~ mul t ipie

Computer systemls, by a Separate r'ada r Iland mass s imulIato r and 1)', a Red i. Eon!ii/ovime

Vi sualI fac iIi it V. '1110 visual syIsteml provided outs ide \'i 5101 cueCs for onl1y thle

takeofCf and landing, phase 01f s imll lat lo flyinlg (upJ to appjroX ima tel)' 1500' AGL).

3. Experimienter-s' Stations

Six experimenter stat ions were nleede'd to Conduct the flyinlg sessitons.

Each was equipped with AlC- 18 into rcomibii onits whlich Coul d man lit or thle subhject

a iNO rc row co.libauniat ions1 as., well as prov ide 1for pr iva to channe11l Comm~lhunica t.ions

between experimenters. Thle six stat ions were located inlside thle Cab), ouits ide

the cab and hin an adj acent. room1 Which 1)00(1.Sd the 'ompu~kters's 5!t ems; that supporIted

Siltlulatioll1. '1110 OXpIl' men1ter' Is stat ionI inIs i,.do the cab was e qu ipped wi I Ih (.oil rot:;

for bmt. atilug systemi mal Inic t iII on5 ad a oWit to Corit ro a, workload moo soromenll~lt

expe r iment . The exper imentor's stationl ou~tsi~de the cab was a l arIge Col)So IC

equLIppeId With a commonI11 i cat ionOil monitori ng pa1101 a nd 5 Video mon ito rs. Thie Comn-

Ilnunllcat~ionl monitoring panlU. disp;llayed a1.l flroquenC i 5 sCetlece by' thle Sbj oct 5,

(including I11' codes) , and tile transmitter soeIected for broadcast. The videOO

monitors rep~eated. the cockpit pilot anld Cop~ilot mul tipurpose 1!SI)) selections, tile

Cockpit miss ion management display selections, Cockpit act iv ites , anid the boom

0operator receiver and boom pos it ion di splay. Theii rece ive rs pos0itio Oil 0thle.

boom op~erator's display and the receiver' s m.aneuverMs to p~rocontact , conltact

and d~isconnect were also control led from1 the outs ide expeOrimenter',,; stati1o1. 11he

14
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other experimenter stations were Interconmi posit ions used for maintaining

coordination among the project people responsible for the computer complex, radar

simulation and visual system.

B. Experimnental Procedures

1. Specific Research Issues

The Phase 0 mockup activities suggested that the crew workload

associated with managing the various subsystems was sufficiently low to pelm1it

safe accomplishmlent of the mission. However, with no flying task required of the

pilots, the mockup exercise did not explore the compotuded workload of both flying

the vehicle and operating the other cockpit systemis. In a sense, the mockup

evaluation crews were not "distracted" by the flying task, and thus were able

to concentrate on the management of the various subsystems. The mockup evaluat ion

was, therefore, a biased assessment of the di.fferent crew station concepts ,being

exmined. This bias was of particular concern in three areas: the useabiilitx ot"

the CR1' displays (the IISD's and Nay Management CDU's) the effect oii crew work-

load of an auto-pilot failure, and the usefulness of" an updated boom operator's

station. In order to more fully explore these areas, three specific research

issues were identified.

a. Utility of Horizontal Situation and Navigation Management display

formats and switching.

Although reach, accessabil ity, viewability, and other anthro-

pometric characteristics can easily be assessed in a mockup, the dylamlic character-

istics of displays car,-'. Thus, particular emphasis was placed on examining the

pictures presented on the cockpit CRT's.

b. Effect on crew workload of an in-operative auto-pilot.

With a functioning auto-pilot, the simulation exercise becomes

16
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somewhat similar to the mockup study I little or, no fly ing tasks requ i r~ed. Thus,

it was reasonable to fail thle au.to- p ilot. anld req~uire tile Crew to compl ete thle

mliss;'ion Under that cowl ition. Of' conicernl, once again, was thle ah iiitv of* tilhe crew

to complete all necessary tasks without thle nlavigator - - his rclmval resumlts inl

one0 less set of eyes to scaln for traffic or system malfullct ionls; one0 leSs, Crew

member to help maninta in position awarenles's or Compute needed i if'ormIat ionl.

C. VaIlue Of all updated aft boom1 Sta't ion,

The results of' Phase (0 suggested that some imprlovemenC~t couIld

productively be mlade to thle acIt b~oom station, giving thle boom operator, more

Capab~il ity to control the Off- load while imjprov ilig his abl)i ity to mon01itor thleI

pos it ion of thle receive]'. There lore, sever-al di ffere~nt updates were ''fklox1 (11during

tile s illulat ion eCralUatiOll to assess the value of alIternat ive conicepts.

2 . E~xperimental Des ig

Ill order to prov ide anl t"Ib i sed aIssessmncit of thle design 1, a p1 an was I

established for, dato collect ion inl thle s imulator that would permiit anl order-ly

presentation of designl conicepts and a Iternat ives . Tbhis p lan or exper imenm~a de-

sign dctv.'mi mdnl, before data coil ect ionegn theý speci i c seQt. of conditionls

each crew woul d e-,ror ieiice durinlg their flyinlg sess ions;. Foul. ditfferenit var 'lica s

(thle three speci Fi:. research issues plus miss ion typeQ) wereC mlan ip)ukited so as to

conduct. al l),11,aiicCd CXIer iment expos ing each of- thle crews to all conditionls. TIheI

four variables and how they were combinled for each crew,,; flying session is given

in Table 1. Thle, matr~ix Ahows; that every crew Flew threce f'l ights (DATA SESSIONS)

and that dur11ing these flights (either an EWO, (:ONIf'TNI:Nth OR l}LPIOYMNIM' miss ion)

both Nay management CDII' s were onl or- one of' thle two was o f1, tile auto-pi .1ot was

on or off, and the b~oom station was configured as either the baseline tanker or

one of two updates.

Thlese variables were picked to en1sure simlulationl actiVities that, by eXposing

17f
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TrAB 11: 1

EXPITRINE\N'l'Al, DES IGN MATRIX

INDEPENDETWI VARIABLE-IS

DAL'A CPIuiw MISSION NAV ANA(;EiN'f *Atr1c-P1,O1`O BO)OM SIATI ON
SESSION N1JMB1IR SE(CI&NT (A)IJ STARlJS SlNIIS CONFIGRIJATION

1 E~wo 112 Off A147U2W BASELINE

2 DEPLOYNaiNT Ill Off AP-4 AP0DAlE11

113 cON. NUINCY BO`11 I ON AP4XF UPDATE N12

_______4 CONI1NGENCý Ill Off AP--YAM- BASELINEJ

1 CONIINGENCY Ill Off XFP4AP UPDATE Ii1I

2 LiNO BO'I1 I ON APF4,V' UPDN'IT II2

R12 I)DEPLOYNIE-N' 11? Off 70P4AP BA\SEIINE~

4 E"Wo 112 Off AP4AP -UPKI)Al' 11I

1 I)EPLOYNDIjq'I BoCII I ON AIL4NfM UPDAII tE 12

132 CONTI'NGENCY 112 Off Ar4)-All BASELINE

3 EWO #11 Off All-+7T UPDATEII Ill

4 DEPLOYMNI'' BOll I ON XV4~ A P UPDA'IT #1

*AP U): Autopilot operating during 1st half of the mission, not operating
during 2nd half of the miss toa.

AP AlP: Autopilot not operating during 1st ha,11f of thle miss~ion, operat ing
during 2nd half of the mission.

-~~ ----------



the crew mcmberis to equipment concepts, cockpit procedures and varied operati onal

conditions, would permit an "in mission conltext" examlination of the specific

ds.J,'a issueC.s discussed earlic. 'I1hu1S, a si mulatiion flight With one 0f' the CDU'S

turned on 01' olf would peCrmit the crew to assess the Value of that system and force

them to deal with its operation; With the auto-pilot tuIrned on or off, to deal with

systems managepment as well as flying the a irplane; with the different boom station

Collfigulratiols , to assess boom OIprat•)to' anld copilot workload.

3. Eva luat ion P'rocedures

All fouL' ailr'Cews, consisting 01' a pilot, copilot and a boom operator,

wlent through the same process, scheduled to take 7 days . The average experience i

of the pilots was 988 hours in the 1KC-135 and 17/T3 hor's total. The copilots
average experience was 195 hors i ill the 1KC-135 and 90): bo.t.'s total. The boom

operators avcrage exper i eice was 712 hour's in both the KG -135,5 and in tutal time.

TABLE 2

AlRCRII W 1:IN INl G I 1OUlR1

KC- 135 )TOTAl,

GRIEW I I' 101)0 1•51)

GP I0O 350
1O1 1-017 10,17

GlI1W 2 P 1200 1500
CIP 180 4 0
BO 000 001)

CRITW 3 P 1150 1400
CP 100{ 350(

S11)50 350

CGRI 4 P )000 2500
C1 400 2-480
110 251) 251)0

The following is a general descri.ption of their activities:

Day 1. Groulnd school covering all modiftied crew systems except the nmssion

'I
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alinagenment and horizontal situation display systemns.

Day 2. Ground school training on the mission nunagement and IISD systems.

Day_3. Systems review and mission briefing for practice traffic patterns.

Each pilot flew four daytime ald two nighttime traffic patterns with landings

for simulator handling qualities familiarity.
Dy 4. 1\1o cross country training missions -- The first was a round robin

out of Loring AFB flown primarily for familiarization with all updated aircrew

systems, especially navigation. The second mission was a cross country training

flight from London Gatwick to RAI Mildenhall. Rendezvous and fuel offload were

practiced during this mission.

Days S, 6, and 7 Tanker missions for data collection -- One operational

tanker mi is ion was flown each day for crew system evaluation and data collection.

The order in which the missions were flown is shown in Table 1. A narrative de-

scription of the three missions (overviewed in Figure 9), follows.

Loring lkeployment A cell of five (5) tankers depart Loring A1lB on a

Coronet ':,loymqient to rendezvous over Hlal ifax, Canada with a flight of 12 A-7D1;,

performs four aerial refuelings and recovers at RAI Mi ldenhall (tankers) and RAF

Wittcring (fighters). Subject crew departs 15 minutes late due t' engine water

problems on takeoff. Flight plan change is required to allow subject crew to

catch up. A generato, failuce occurs during rendezvous with tanker cell. The

flight is repositioned to 301 minutes prior to refueling 113. Fighter 1112, meanwiiile,

had minor re fueling problems during the second re fuel1 ing and subsequently, three

of' the tankers returned to Loring AFTi as scheduled. Just prior to the third refueling,

lead tanker loses radar. Subject aircrew in the nuimber 2 tanker assumes cell

colunand and responsibility while maintaining 112 tanker position. Numerous weather

buildups and MIC conditions arc encountered, requiring vectors from subjc,-t crew

to lead tanker. During refucling 113, fighter 1112 canmot receive fuel from subject

20
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aircrew tanker and is finally escorted to nearest landfall through coordination

with "Ilead Dancer" (airborne assistance) and "ITuckbuct" (airborne search and rescue).

After this probLem is resolved, the flight repositioned forward over RAF Brize

Norton. Meanwhile, the fourth refueling has b~en completed and the cell was

terminated. The subject aircrew recovers at Mildenhall RAF under minimum weather

conditions.

EWO Mission - Subject aircrew is on alert and is latUched as 112 on a two

ship IWO mission to rendezvous with two B-52s. During launch, subject aircrew I
experiences a runaway stabilizer trim. After subIecct aircrew completes departure

procedures and radar update for 1NS alignment (all nav aids are shut down) the flightt mves fomrard to a position north of Scotland near Saxavord. After additional radar

updates for the INS systems, lead tanker experiences engine problems and eventually

experiences an engine fire that becomes u;•controllable. After lead tanker air

aborts, subject aircrew is repositioned forward to 30 minutes prior to the ARCP.

Weather is detected in the planned AR track, requiring a revised ARCI'. The B-52

Yr'cnivnr; request and receive all of the available fi,, I from the subject aircrew

which leaves the subject crew with just enough fuel to make one pass at their

scheduled recovery base at Bodo, Nomay. The mission terminates with an airborne

radar approach (nay aids are not available) at non-precision weather mininimiun, coin-

plicated by fuel exhaustion.

Contingency Mission - 'Th1e subject aircrew is launched from iiodo, Norway

as lead tanker in a two-ship cell. The mission is to set up an anchor over the

Baltic Sea along the Soviet border to support random flights of NATO fighters who

are engaged in a contingency action along the Soviet border. After the mission

launches, the 92 tanker loses part of his mission managemont system. After de-

parture procedures are completed, the mission is repositioned forward to just north

StocMkolm, Sweden. Subsequently, several radar updates are accomplished and the

2 2
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anchor pattern is entered. GC1 vectors several flights of fighters in for re-

fueling within the anchor. Weather in the anchor track becomes a problem. MillilmtUn

ILuCl fighters require dikversion of the tanker out oF the anchor. A second diversion

for a minimum fuel fighter takes the subject aircrew to thc Soviet border. An

electromagnet ic pulse ([NIl) is experienced by the subject crew which leaves the

boom operator blhinded and the subject crew without an)y electronic avionics. '111c

sub ject aircrew attempts to recover at Aalborg, Denmiark', which terminates this

Iliss ion.

a. Conduct of the Experiment

Following the ground school and simulator flight training missions,

the subject aircrews flew the three previously described operational tanker mis-

s ions. Prior to each flight, the crew received preflight briefings, representative

of thoseC required by SAC operating procedures. The briefings included route and

receiver information, formation procedures, weathr, intcll igcncC, and primary and

alternate recovery bases. Mission materials were provided for each mission, in-
I

cluding completed flight plans, Take-off and Landing D)ata, weight and balance infor-

mation, clearance fonrus and all required maps and FLIP charts. After the briefing,

the crews were allowed sufficient time to study the mission and perforn the required

crew briefings.

At the simulator cab, the crew perfounced the aircraft interior

checklists and all subsequent checklists, utilizing a modified KC-135 checklist 1
which had been changed to accoimidate the three-man-crew and the updated avionics.

Once the required checklists were performed, the crew launched

and flew each mission, performing all required conunn icat ions (A'I'C, formation calls

and other agenc ies) , navigation and system operations/mal functions and associated

workloads tlat might be encotntered on the selected scenario missions (described

earlier in this section).

11he inside experimenter controlled the misssion sequence, system
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ma1fLuictions and a workload experimont. The two outside experimenters iinnitored

mission progress and aircraft position. All communication transmissions were also

monitored at the experimoenter's console. Thus, the outside experimenters were

able to assume the role of all outside coimmunicators (ATC, receiver calls, conuand q

Ia
post, ground control, etc.) and control the initiation/termination of each mission

segment. The experimenter inside the cab utilized a private interconun channel to

coordinate activities between thc subject crew, outside exp:,rimenters and simula-

tion system operators.

Prior to each refueling segment, the boom operator proceeded to

the aft boom operation station, located outside the simulator cab. From this

location he simulated refueling each receiver through radio/interphone coi'uimica-

tions, a fuel panel and a CRT tracking task symbolic of a refueling boom and a

receiver aircraft. The outside experimenters controlled the pre-contact, contact

and disconnect/breakaway maneuvers as well as the receivers coimiunication. At the

completion of each refueling segment, the boom operator resumed his position and

crew duties inside the cockpit, reading checklists. ,.rniLuring IIF, monitoring sys-

tems and simulated outside watch.

). Data Collect ion

Although subjective and objective data were collected during the

study, only the subjective data is presented. The objective perfonrance data was

lost during the conversion to a new computer system after the program was completed. 4

Questionnaires were administered to each subject at the beginning

of the experiment (Day 1). Additional questionnaires were administered after each

data mission was flow. At the end of the experiment, a fimal questionnaire was

administered. Subjective data were also collected during a final debriefing of the

a ircrews.

c. Crew Station Criteria Update

During the initial portion of the TAACE Program, (after the Phase 0
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mission analysis) a criteria document was drafted which described the capabilities

required for ia threc-man crew (two pilots/one boom operator) to accompl ish the

KC-. 35 tanker mission. Following the mockup evaluation (Ref. 3), this criteria

docu•nnt was updated to reflcct the results of the assessment. 'Tlhe criteria

docuiricit reflecting the results of the simulation validu.tion has been published

as AFWAL-TR-81-3010, "KC-135 Crew System Criteria." The reader is urged to exa-inec

this documient Co-, further guidance pertaining tc specific crew station design

criteria for operating the KC-13S with a pilot, copilot, and boom operator.
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S17' 1ON IV

WRhSLI'S

Results presented in this report a1e based on the crew member ressponses

to opinion quest ionnaires administered before, during, and alter the simulator

flving sessions.

Questionnaires consisted of fill-in-the-blank questions, yes-no questions,

and rating scale questions. There were three rating scale questions used, as

showm in Table 3. Scale I "Quality Level'' was used to rate the useability of

infonmation presented onl a specific display or the physical location of a

piece of hardware. Scale I1 "Workload Level" was used to establish the amount oi

work required to perfornll a specific job. Scale III "'Requirement Caplabilities"

was used to rate either the degree of need for a certain system/concept or the

degree of useability of a system,'concept. For ease in completing the ratings, all

three scales ran from (0, mean 11int, ''least" or "worst" to 10, meani1ng "'most" or ''best''.

All ratings cited in the report are averages. Citations fr'om questions other than

the rating scales are given as frequency counts, totaling the number of crew mim-

bers respon~l ing.

ResuIts of the simiulation exercise are presented first as they relate to the

specific research issues identified inl Section 111, 13.1, and then as more general

findings relating to features of the cockpit design.

A. Specific Research Issues

1. Horizontal Situation and Navigation Management bisplay Forimiets

a. Horizontal Situation Display

In the broadest sense, there seems to be a strong requirenent for

a Horizontal Situation Display. All crew members rated the requirement for an IISD

as compared to the standard HSI as extremely useful and an enhancemenr to mission

26
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pC rformlalicc With thle majority ixi icat i ug that an I ISD would be abso lutely Ticees sa rv

to acccomplish tile mnis sion. T[he f-ollowing HS[I) f'lonna t ,Ilanl controls; were judged.

by all p ilots and cop ilots as f'all ing into tile ranlge of' cxtrome 1 y\ usef'ul to

albsolutcly neccessary requiremencits: symbllol 'generated mavp, hold f'ormlat, 1, endezvouls

format, IISI format, range control , and clutter/declutter control. Thei same held

true for the 'fullowinig lISP) infor0mat ion overlays: symbol map with weather, symbiiol

m1ap With beaconl, symbol mapl with groundc ma~p, skinl painit other air-craft. ill format ionl,

anld culrs'or up~date for adr Ill nearly all of' these, the maj ority' responlse wa's

that they enhlanlced mliss ion p~erformaince so much as to h~e absolute I> necessary to

performl the miss ion.

Whenl asked to rat.e, 11us ing Scal IllI , reqoIk i remenclt that d il-fe crent types of ill-I

fonniat ionl be presenlted onl thle display, thle responses ranged f'rom 8. 5 t~o 9.7S, for

both pilots mnd cop ilots. S im ila rly' thle 1P format ionl overlays prov id ed du r ilg

s imll aIt ion were aliso rated a strong r-equ iremenlt : from 9 to 9. 5 1,r1 pilots , f rmi

9. 25 to 9.5 Jfor cop i ots. Add it ionally , the p ilots feclt that thle am1ount ()I i nborlma-

tionl displayed Was gencra 1ly satisfactory, giving Scale I ratings from 7 to 10.

Also, thle pilots seemed generally sat is fied w ith the switch matr ix prov ided for

Chang~ing display form11ats ; froml a low of .1 (onec response) , to a I' gh of' 10 , (2

respoflses) wi~th anl average rathing of* 8.41, U-cal1 e ) . FIlaiI y , aItlothogh tile pilots

felt that using the 112)' s to r d ispjlay ing raidar in borimat on ws good (~From 7 to 10

with an averaige rating of 9.S5 using Scale [ill) they identified raIdar, mlontor ing

and Control as onle of thec tasks that poscd a problem, Tbhis is d iSCUSSclv fu rther0 inl

Se'ctionl V.

b). Nayvigat:ion Management Display Unit and Formats

As they did f'or thle lSIS, thle p ilot's strongly favored hay ing a

Navigation M~anagement System onl thle. airplane. It was almost rated as mandatory
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equipmlellt witth an average value of 9 for the Scale III ratings. In addition,

the specit, pages presented on the display were generally considered as "c;OOo"

(Scale 1) with just about tile right amount of infonnation being provided, The

exccption to the otherwise high ratings were thosc for the Fuel Page; although

it was thought to he near ly a requirement, it was also thought to present an ex-

cessive aiolnot1t of1 inl'form-1ation. These ratings, like those for the ll1l1's, were

consistent across missions and crew p)osition (pilot, copilot) suggesting fairly

stable information requiremlents, regardless of' specir'ic mission type.

2. Pilot/Copilot Workload - Auto-Pilot

M1any quest ions were asked deal i og with tile crew work load in an attempt

to determine how it was effected ny the different avion ics capahi1i ties included

in the design. Obviously, there is a very complex interaction among the various

elements ofl the design and the workload experienced by the crew. For example,

it ma'y be the case that with all systems operational, crew member reported work -

loads are well within acceptable limits. Ilowever, with different types of eqtuipm•nt

out of order, wor'kload levels may change, certainl y affecting the crew members

acceptance of the system, perhaps also their ability to do the joh. in the TIAA(

Programl simulat ion, tihe comb inhiecd in fhuence: of thlee maj or des ign f'ea tures on c rew

workload wore examined; auto- pii lot avai hil i ty,, nayigat ion managemlent sy stem ava il -

ahility and hoom operator stat ion des ign.

In general, crew workloads were such as to permit successful accom-

plishment of the mission. This was true for all tested comlhiatiouIs of the aboVe

mentioned variables. Whether the auto-plilot was ON or OFF, or whether it was OFF

in combination with the baseline boom station, or whether both navigation manage-

nmnt control-display units were ON or one was OFF seemed to make little di fference

to the crews - they felt the mission could be successfully completed. Out of a
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total Of' 192 l'espoi)ses to questions asking spec if- f 1c Ii i tile mission could he

completed less than 3' were negative.

Overall workload to fly each of the three mission-s was rated as

slightly highler than what the crew mnembers would expect to encounter flying the

saile missions in the baseline KC-135; nevertheless, they. 1.1 Iclt that even a

iminimally experienced crew, given tile capabilities of the w.m0plo~site design, could

complete the miss ion.

Il general, p ilots responded that the greatest percentage oC total

workload for each mission involved pi lot ing tasks, followed ny conuunuication,

navigation, and aerial refueling tasks. Paperwork and other IiSeeI laneous tasks

were seen to colislumie very 1ittle of the Pilots' t ime. llh icn re ,Ir'ed to rate tile

workload level itself f'or these tasks, piloting, aeri.)i rdtueoti-r.., and conununica-

tions were tasks denolindirg a slightlyv muore than moderate level of workload; navi-

gation tasks required a slightly less than mderate level of* workload; and paperwork

and other tasks required low or vey)' low levels. '1i, was little variation among1l

each pilo0t's workload rat ings for the various missioln phases across the three

mi ss ion . As exp ected, lepa rtore, aerial refueling, descent, and approach and 1land i ng

were the areas of greatest Wor'kload while climb Ond cruise were ImchIIC less so.

Ill 110ost cases, the copi lot' s tuest i onnaire dat a agreed with that of'

the pilot's. Copilot respollse's showed that when compa red to tile workload level as

it stands in the tanker today, ut i lizing the crew systems evaluated during s imula- J
t ion represented somewhere between a slight and modea•rte increase in workload for

them. I lowever, they unan ililotisl. agreed that. regardless of" tile particular lission

s-(.,ent, a min iimally experienced pilot and copilot could successfully accomplish

that mission with tile crew station. When asked to rate their own workload level

needed to mon itor fuel f'low and fuel quan tity iniformation, the copilots placed that

workload at a moderate level -- only slightly h igher than the pilots' perception
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of the copilots' workload.

Regardless of- miss ion, the cop ilots indicaited that ilavigation mid

conmmuication tasks Consumied mlost I oI the iI- timeI,, wi Iii Ie ae l i; a I ye foei I i I Ig, ph o t i InIgý

lootLecr'', and paperwor-k taisks were 1less demlanlding. MWhen thle\' w.ere 10(10 red to

rate the workload level necessar~y to per 'O'lor dhosQ tak a o oCOIILuIiCZIica-

tion, and aer jul re fueli ng tasks were shown to demland a sli ghtlIy mlor~e thanl Ilmoderte

level of' workload while ''other'' tasks, paporwork, and p ilot ing re-jo jied onily low

to moderate levels. As did the pilots, thle Cop)il1ots, generlally rated theirl work I -

load levels for, depai'ture , climbi, CI-(iiise, ýIe 'I aI re foeIi ng , deOscent, and aipproaCh

and landing consistently across thle three ii Ili'Sions' an1d resLltts showed that acr ki l

reful 0i rIg tasks geneirated "'Sign if icant'' wor-kloadl level s while depar-tore , app1) roch!

land ing , and descent plihases genera ted mloder'ate l evelIs. C 111111) and cn~ ro ISO segeii t s i
Were r-ated ais low to mloderaute.

3. Boom Stat ion UJIpgadc

All croew member-s were a sked a seCr-iC esOf (oeCs t ionS to del erine11 Mot

only thle need for impr-oved 1b0om1 station conltiro Is anld d isp lays buOt alIso thle Val1ue

of ' upg iad ing' thle 1b0om Opera, torI's J oh; ill C I.(" I i Irig b)oom1 olC roItorI resjoi Oi5 lb i I it y

for collunlunicat io om;lon itorinog, message cod hi g anid decod ring and add ing new Coc kpit

do~ti eS to be exerc ~i sod by' thle hOI0011-opeato)' Wh ile Onl the flight deck.

a. P1lot/Copi lot.l-u Pat

All pI Ot s t hooglt thalt W ith o11 oplgra'ded boom1 01M0 rato)' , OOil w it h

onle p ilot incapac itoted , allI thre111 Mi 55 01)5 COO Ild be 1)0 r formeId. 01n\ N tOPiit

however, thought all thlree In i ss ions COO Id b) er )O0-10 rnd 1111(101 siliiil i ail c i rcumstl an:es

With a non1-upgraded boom operatorý. Il iieIthet, event , 011 p ilots thoa.ght tilie alir-

craft could 1b0 reOturned home soafelIy without the upjgraded boom ope0rotor. With ;il

upgraded boom op~erator, the pilots 1)01ieved that thley, could accompli sh any of' the
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mission segments with or without an auto-pilot and with only one of the navigation

managemlent displays operating.

Pilots favorably rated the requirement for aft hoom station trans-

fer fuel flow rate and total izer, and an aircraf t fuel flow total izer, emphasizing

that by providing those displays to the boom operators their own workload would

be significantly rcduced. Regardless of mission segment, they highly reconunended

the computerization of weight and balance, and takeoff uid Im.ding data calcula-

tions. Finally, there was wide variation in opinion on the effect an emergency

boom hoist would have on mission accompl islunent with a 3-man fl ight deck crew --

primarily, they said they would not have been overworked for the time that the

copilots left their station but were unsr'e as to whether m1i ssion safety would he

I jecopard i zed.

d'Fle copilots wyere not quite so favorable as were tlhe pilots inl

their ratings of the requi remeiit for a1ft boom station transfcr fuel flow rate and

total izer gauges and an aircralft fuel, flow totalli ze r. They were not convinced f
that such devices helped to reduce theih own workload. Likc the pilots, the co-

pilots highly recommiended the computer izat ionl of we i.ght and balanice and takeot' f

and landing data caFculations Finally, the copilots disagreed with the pilots

on the etffect an emergency boom hoist would have on mi ssion ac. 'Ilp Ii shilment withi a

3-man Flight deck crew; the data indicated they felt that the pilot would have been

significantly overworked for that time but :-.at m i.< sion safety would not be in

c opardy.I

The copilots seemled to agree with the p ilots that with an ul)-

graded boom operator, a 3-man crew -- even in thie case of incap1acitation of one

pilot -- could accomplish all the missions and fly the aircraft hoe11 safely. flow-

ever, if the boom operator were not upgraded, although the ailrcrafit could be returned
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[ionic saf[ely, imiss ion success wa], qluest ioiih Ic.

b . B~oom Operator[)a t a

Almost iinariimouISIN FOr l 1)01.1 h operators across all liiss~ion

se.gments, theore was surfficient time to perf'orml "'see arnd avoid"' duties while

carry ing out other designa~ted tasks. T[he ca[)ab)il . t ies presenlted ill thei Cockpit

and boom stat ion design were0 raited as being extremely' uIse fu and an enhiancoemnt

to mniss ion perf-ormance. 'There wa,,s widespread agreement that , rc0ga rdi e;S Of' mi6ss io

segmnc'wf;, coimiulicat ion and aerial re'clfeIing tasks denianded thoi hiighiest [percenltage

of' total time, followed closely hy ''see and avoid'' duties and systems monli tor ing.

Nav-igat i~on tasks , [)aperwo rk , fueOI llnIlIAIigem t , an1d we igiht and ha lance CompILUltat ionsI

conumimed muhIL less thIme. When asked to r'ate the workload level requ ired to accuofl-

p1 .ishl these tasks , the boom11 o[)elrto I's raUtedl ahi i. I' Lltie 1 , s)ystem1s 111011ito r-ing , Jiid

See 11nd aVOid as m1ode rate to Si gil ificant- workload gene lratoris; Juiv~igat.i on, coimuluiioiCa -

t ion , paperOlwor-k, an1d fuel0 mail11ageileilt tasks as mIodera,'te or WIIdOa i teins; CI'in we ight.

ýuld ba lance computat ionrs as a cye lvIow wo)rkl oad -iteml.

Thle boom1 opOrat or's Iel t tvit a 2 p11 ot / boom01 ofperLi to r Crew Coul d

safe I)' aind adC-([Ll tCl1y JCIVITO 1111 tL 110 Ili i OIlS . I lowee ' , t0 0 gci ~ .o 01)ill 5 Cermed

to he that whein trails fer [F1e1 flow 111tead total i zerS , a i. I' 1 fel i ng nunpII i lld ica

to i's1and tanlk qJUant ity~ gauges wvere proidedi(1( at ti e aI boom011 stat ion , the 1)00111

oplerators ' workload inmcreased , sa fety was j eoparidi Zed , and aerial ye foe ii g proce -

dureS were made mlore comlp icated wile) coi11[)ared to the cuirrenlt tanlker. Whenl tile.

fuel orffload s-tart/stop ca[)ah iiity Was provided on the hoom telescope cont rol theL

boomf ofperators Felt tha't , collpareOd to the curren1t tan1ker', tHei ir work load staIyed

the same, saflety was not affected, huit aeri~al refuel~ing procedures becamje compiii) -

cated. When the preselect offload Ca'pabil ity was added to those cotalizers,

indicators, and gauges boom11 operator workload d(lecreased , sa fet~y was either enhanced
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or not affected, but aerial refueling procedures were still made more complicated

when compared to the current tanker.

When asked to rate how much of a requirement existed for the

extra boom station controls and displays in 3-man operations, the boom operators

responded that these items were extremely useful and greatly enhanced mission

perfornance. However, when they were asked to rate the quality of the layout of

the aft boom station in enhancing mission accomplishmient, the result was a less

than "GOOD" rating. The boom operators were more satisfied with the layouo of

the forward boom station, giving it a "GOOD" to "VERY GOOD" rating.

They judged the requirement for air refueling on-off punp switches

at the aft boom operator's station for 3-man operations as being quite useful, a

feature that would noticeably enhance mission perfornmance. They were more en-

thusiastic about thc capabilities provided by having weight and balance and take/

off landing data calculations computerized. These capabilities were judged as

extremely useful ones and would enhance mission performance greatly. 1
After the simulation exercises, the boom operators exprcss'ed

more of an eagerness to perform in-11ight duties that they do not now perform.

However, when they were asked how willing they wouLd be to perfoiin additional duties

if the increased responsihil ity was accompanied with an increase in training, rating,

and pay, the simulation exercises made negligible difference-- the boom operators

given a list or various tasks connected with the tanker mission and asked which

required no train.ing and which required some training, the boom operators demon-

strated very little shift of opinion between their pre-simulation and post-simulation

responses. it was generally agreed that the following tasks would require at

least some anmount of training: copying and decoding messages, monitoring present
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position and progress, cominnuicating with cel I formation anl commanmt post,

rendezvous coimiunication, monitoring weather radar and ground mapping radar, fuel

managenent, monitoring flight instruments, aiding in directing an airborne radar

approach, nap reading, completing the flight log, computing takc-off and landing

data, map and chart managenent, and completing thc fuel and coma log.

B. Responses to Other Design Features

There was widespread agreement among pilots and copilots as to the quality

level of the various avionics anl hardware of the crew station design. Of the

front panel items (pilot/copilot front instrument panels and center instrument

panel), only the placement of the Iliaster caution light caused concern. While all

other items were rated from "GOODI" to "EXCILLI'"', the master caution light was rated

from very bad to fair. All other crew station avionics including items on the

foriwarl center console, the overhead panel, the aft center console, and the pilot/

cop:ilot side instrutnent panels receivcl most or all of thleir ratings in the goal

to excellent range.

The ratings from both the pilots and copilots conicern-ing the quality of

the miniature toggle switches u.ed on somei of' ihe ai rcrait subsystemls were close

to (VERY GOOD). The majority of p.ilots and copilots a lso said they required two

UItI radios, one VIllF radio, ald one IIF radlio. When askeCl the saM1e qucstion about

navigation equipment, the majority of pilots and copilots said they re(luired one

doppler, two inertial navi-gation systems, two VOts, two TACANs, one ADI, two 1LSs,

one attitude helaing reference system, two nay management CI)Us, one ground mapping

radar, and no sextant.

None of the pilots' data indicatel that an accelerometer was required,

however, two of the copilots thought that one placed on the front instrument panel

would greatly enhance mission performance. All pilots and copilots rated the

I
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capabilities provided by the selectable digital readouts on the engine instruments

and subsystems pressures and quantities as being great enhancements to mission

performance, and most went as far as to indicate that the readouts were absolutely

necessary to perform the mission. The ability to have emergency checklists

integrated with the annunciator panel and automatically displayed on a CRT met

with a wide gamut of opinion from both pilots and copilots. No clear consensus

emerged, with the opinions ranging from an extremely useful enhancement to mission

perfomnance to an only sometimes useful device that wouldn't really enhance mission

perfonnance.

A majority of the crews indicated that the following systems should be com-

pletely automated: takeoff computations, approach/landing coniutations, and a

print-out of engine performance. Crews split evenly on completely automating fuel

management and radar pressurization controls. A majority of the crews indicated

that the following systems should be computer programiable: center of gravity cal-

culations, takeoff and landing data, fuel management, fuel plan, nay aid tuning,

APN-69 beacon, hold information, rendezvous infonrmation, flight plan information,

and preflight information.

The readability of the caution/warning annunciator panel was given high

ratings by all pilots across all missions as was the requirement for such a panel in

a KC-135. The readability of the infornation on and the requirement for a thrust

management system were also rated very high by the pilots as were the readability

of and requirement for vertical scale engine and subsystem instrunents. Much of

the same lighted-segnent technology utilized in the engine instrulnents was incor-

porated into the fuel panel, and its effectiveness was reflected in the pilots'

ratings. Regardless of the mission, they highly rated the fuel panel layout quality,

the requirement for such a device, its digital displays readability, and its cverall
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useability and ease of fuel flow tracking.

None of the crews indicated that they ever confused the altitude alert

display with the angle of attack indexer; the majority indicated that use of the

altitude alert system caused their workload to decrease; and ,av identical majority

said that the altitude alert tone was helpful.

The boom operators were unanijmous in indicating that it was necessary to

have both the center console area and the old nav station accessible to them and

that they liked the way the jump seat maneuvered between the two crew stations.

As did the majority of pilots and copilots, all the boom operators felt that the

altitude alert tone was helpful.

Of the itans on the front anid center instmimient panels that the bocm

operators were asked to rate for quality of location (for monitoring luIrposes),

only the INS mode control received l1q marks (poor to fair). All other instruments

received good to u'zellent ratings. In rating the instrients' locations on the

forward boen station, all boom operators rated all the instruments very good to

excellent.
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STic lON V

DISCUSSION

The 'l'AAClE Program simulation phase was :unducted to verify the findings of

earlier analysis and mockup work that had concluded it was feasible to operate

the KC-135 with a three person crew: pilot, copilot, and "up-graded'' boom operator.

The simulation work reported here in .supported the conclusions of the earli,."

act iv itv -- given tie proper avion ics cap)ab li .itieS and crew duties and rCspoUs 1-

bilitics, operating the KC-135 witl reduced crew complement remnains feasible.

'lb is conclusion is based on both tile performance of the crews during the simulation

exercise, and their opinions regal ding the usealbili.ty of the crew system concelpts

the\' evaluated.

The s inlulation study clearly demonstrated that tile single most important

capability needed to efTect ', reduction in crew size is a modern navigation manage-

ment capability useable by both the pilot and copilot at any time during flight.

A second impov'tant mod if icat ion is tile up-grading of tile boom operator's job

coupled with tile automat ion of some of the re 'ue iLng funct ions Icc'mp I i shed from

tile boom pod. Final ly', some modRificat ion/improvemnet to selected cockp'it controls

and displays is also required.

A. Navyiga Lion Management Capah.i lit)'

If only two pieces of hardware coUld he added to tile tanker ii the event

of a reduct ion in crew sizeO, all crew memberi's would select the nayvi gat.ioIl management

system, - the CiIJs and closely' associated horizontal situation displays. These systems

provide the pilot and copilot with information defining the aircraft's orientation

in space and time. Currently, the navigator is the only crew member whio can provide

this quick and preciise descripti.on of aircraft positioning in relation to the Iflight

plan and other aircra ft in the formation.
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Ihe cullpos itc des iguli ly iI,, it i 01 III;" lil;CIgImeii 5V5 tC11 COtl 4di S)ayS IX

SC(JLIeflt il1 WLI)iJ)( il ltS Zat. 011( t I11 II(, i wel aIs ; t~ore 11111\a I I ' I hu d. rd aidd it i oila I.

Also, thle sxstcm haid the capahil ity to store the identifiers for all thle nayl aids

inl thle world, ally one of, which Could thenl he entered as a way)poinit inl the fl ighit

Pla11 thI ough1 less thanl tenl keypjunches,. Fui the rmlore, 11u0l status was, automaKt ically

upciated 1bv tile miiss~ion Computer, als 1icis the a iiEC r1aft's pre~senit.IO poi ion inl rcl1at ion

to thle flight planl and al1 l ~ypo ints , (i.(2. est imated time of arrival, t ime anid

distance to waypo int) . All the whi Iv e, tile system maintained thle flexibility to

calculate take-off' andnd d ,i h ltl a MId CG coml1)LUtat i ohS. 1101idllg andL renldezvous

paitterns could easily he p)rog~ramwed in thrce step~s and could be iniserted into thle

flight p~lm ;11 two or, three0 step.s. lkta i rg 5 i PU at.i oll, With thle nay11 svstem fully-

dynialiic and 1-esp~onsive, to comp~luter inpuLts , thle data crews wereI- able toasespg

formlats;, hlardwlre ope"rlb i it) 'an0 OveraLll System performance. As wais reported ill

the re'sults; sectionl of this rep~ort, there wa5s widespread and conlsistenit a1greemenclt

within and among thle subject crews aoutll thle adequacy of the na~vigation system kuld

its displays in helpinig them accomp~lish the aerial refueling mission.

All cruw members ju~dgecd the I ISIs as beinig vaistly superior to standard 1lSIs

iv~ hel[ping to aiccomr i sh thle refueling iiiiss ion. TIhe INDSs and nay m~anaýgemenCIt systeml

worked inl harmony with each other and provided to thle crew the necessary informiation

to stoy onl the flight ()lani. The major ity of- the time both thle pilot and copilot

would utilize sonmc variation of a moving map display onl thle lISP (i.e. perhaps

different ranges would be selected or different types of radar overlays would be

used). In thle absence of a navigator oni the aiircraft, weather informaition, formationi

position, and navigation informa.tionl muLst be concisely and bicmdiately available

to either pilot. The subject crews utilized all available modes of operation onl

the 1lSDs and exorcised and evaluated those capabilities in reference to the parti~cular
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phase of flight or set of circtumstances that the ItSI) mode was designed to handle.

Also, because of the absence of the navigator, the ability to overlay the flight

plan route with appropriate radar data reduced the amount of arouLld-the-cockpit

scanning that is presently needed and eliminated tho requirement for either pilot

to mentally calculate or interpret the relative locations of the flight plan points

and the radar returns. Around-the-cockpic scan•ning was further reduced by displaying

(digitally) frequently used flight parameters on the perimeter of the IISD. The

crews' subjective data reflected the fact that the capabilities provided were all

essential to mission accomplishlment and that these capabilities were of the proper

scope so as to provide enough information to each pilot to handle and navigate the

aircraft, but not to overload them with superfluous data.

B. Boom Operator Up-Grade I
The crews felt that the workload level required to fly the composite

configuration was not significantly greater than the workload level required to

fly the present day tanker. Although some concern was expressed about aircraft and

engine systems monitoring and radar operation, in general the crews demonstrated

high degrees of confidencc regarding their abilities to fly and navigate the air-

craft without a navigator. However, the fact that the boom operator was elevated

to the status of a flight systems operator seemed to be crucial in shaping this

opinion. The pilots and copilots were nearly unanimous in indicating that, even in

the event of one pilot incapacitation, all three missions could have been accomplished

and the aircraft returned home safely. This was not the feeling if the boom operator

were not up-graded. Crew workload and an up-graded boom operator are clearly inter-

related, and based on the simulation crews' conmnents, it is apparent thaL &' up-

graded boom operator would be used very efficiently aboard a navigatorless tanker.
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The boom operator would assist in accomplishing checklists, making certain radio

calls, act as navigation backup to the pilJot and copilot, and provide as much

systems monitoring support as lhe could in addition to working the boom during

refueling. With the boom operator so utilized, the pilots and copilots felt

that their workload would not be significantly altered from the present day tanker.

There was some disagreement among the pilots and copilots as to the partic-

ular improvements needed at the aft boom station to make the boom oporator a more

productive member of the crew. [or example, the pilots and copilots differed

noticeably in their opinions regarding the need to add transfer fuel flow rate,

totalizer gauges, t'uel quantity gauges, and aeria] refueling pump switches to the

aft boom station. The boom operators agrced ni)re with the copilots than with the

pilots when indicating that such devices wvere not as useful as they might at

first have seemed. In the case of the boom operators, it is Understandable that

they indicated that such devices made aerial refueling procedures more complicated

when compared to the current tanker because these systems required a great amount

of monitoring duties during refueling that are not now required. Also, automatic

fuel offloading st',rt/stop capability added to the fuel flow gauges, and totalizers

did not, in the boom operators' opinions, alter their workload levels significantly
but instead, noide overall aerial refueling procedures more complicated. The co-

pilots generally agreed that the flow gauges aud totalizers did not reduce their

workload during refueling. The pilots, however, felt that their workload was re-

duced by adding these devices to the aft boom station.

The nmst significant finding seems to be that effective utilization of

the boom operator is not so much a function of hardware modifications but, as

mentioned earlier, increased boom operator responsibilities and crew duties integrated

with those of the pilots'. However, some hardware upgrade was felt to be desirable; I
411
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e.g., fuel off-load totalizers and auto off-load capability.

C. Other Control-Display Modifications

Other changes to the cockpit included major modifications to the fuel

control panel located forward of the throttles and the eng:ine instruments located

on the center instrumnent panel. Also, a master caution and warning system was

added.

1. Fuel Control Panel

In order to accommodate the installation of a navigation management

CDU forward of the throttles, where the copilot could operate it, a new, smaller

fuel control panel was required. Previous analysis had stressed the importance

of incorporating a schematic illustration of fuel flow into any new panel installed

in the tanker. Thie present KC-135 fuel panel uses this approach, and it is an

effective piece of equipment. The "Composite" design fuel panel met this require-

ment, but it also replaced the large valve switches with smaller push-button do-

vices; the round-dial fuel quantity gauges, with digital readouts; and the pumlp

switches, with miniaturized toggle switches. Finally, the fuel flow lines were

illuminable as a function of p1U3p and valve configuration. The design of the fuel

panel was considered to be excellent. The fuel flow lines, because they were

illuminated when a particular flow pattern was chosen, were said to be a signifi-

cant improvement over the present Fuel panel -- they allowed quick determination

of fuel tracking in addition to switch position wes. The crews also found the

panel layout, which was simnilar to the present Cuel panel, to be easy to learn.

2. Engine Instruments

The round-dial engine gauges were replaced with vertical-scale lighted

segment devices that would not only use less panel spaco, but it was thought also,

improve engine perfonnance monitoring. The data supported these hypotheses: the

[,1
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instruments were easy to read and intcrprct and allowed quick detection of system

malfunctions occurring to only one engine. Uurthenriore, because those devices

required less panel space than conventional round-dials, all engine instnmientation

along with hydraulic oil quantity and pressure indications were consolidated into

one geographically cont i guous area rcducing aroul -the-cockpit scannling.

3. Master Caution and Waining System

The concept of the centralized caution/warning annunciator panel re-

ceived high subjective ratings from the crew. Its use virtually ci iminated the

necessity for the pilots to check around the cockl)it for any lit malfunction

indicators. Only the placement and brightness of the master caution lights caused

concern among the crews. Although they were placed on the glare-shield, they were

not placed directly in front of each pilot. This, coupled with the fact that the

lights were not quite bright enough lce't them short of being the good attention

grabbers the)! must be.

Conc lus ion

The TAACE shimulation demonstrated that it is reasonable to consider operating

the KC-135 tanker u.ith a crew of three. The bas ic control and d i splay capabi lit i es

needed to accompli sh this inchude an integrated navigation management. system, re-

locatexl controls to place all necessary equi.Ineot within reach of at least one

pilot, and modified existing systoins (fuel panel, engine instrumentation) to

optimize workload. :inally, the boom operator position shoxld be uplgradod to a

Positive Control crew member, with new duties addedl to these currently perfonued ,

thus making better use of the third individual on the crew.

Volume II of this report describes a modificdl composite design, complying

with the results of the sinulation study. The companion report, AtlVAL-TR-81-3010,
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"KC-135 Crew System Criteria", (Ref. 4) presents - generalized design criteria and

guidance for implementing a reduction in the KC-13S crew complement.
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